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MOBILE IRRIGATION MACHINE WITH UNDERGROUND WATER APPLICATION 

Background of the Invention 
[0001] The present invention relates to mobile irrigation machines such as those 

used on agricultural fields for watering planted crops or in greenhouse applications. 
[0002] Conventional irrigation systems have a main pipeline which is supported at 

intervals by mobile towers. Spray nozzles are connected at various points along the pipeline. 
The nozzles may attach more or less directly to the main pipeline or to drop tubes that extend out 
of the top of the main pipeline and curve downwardly to a nozzle or to the bottom of pipe. 
Pressure regulators may be interposed between the main pipeline and each nozzle to maintain a 
regulated water pressure entering each nozzle regardless of undulating terrain or pressure losses 
along the length of the pipeline. This assures that the nozzles will dispense water at a known rate 
at each point along the main pipeline. 

[0003] One problem with current irrigation systems is that the emitted water 

spray from the nozzle is subject to evaporation loss. As soon as the water becomes airborne 
from the nozzle, some percentage is lost to the atmosphere by evaporation. Further evapora- 
tion can occur after the water lands on the plants or the surface of the ground. The percentage 
lost can be especially significant during dry seasons or in arid climates. Thus, there is a need 
for an irrigation system which reduces the effect of evaporation on the emitted water spray. 



Summary of the Invention 
[0004] The present invention relates to irrigation machines having an ability to 

reduce evaporation losses. This is accomplished in two ways. First, water is not released to 
the air in small droplets. Second, water is delivered to the crop's root zone, beneath the 
surface of the ground. The irrigation machine may be of the type having linear, or rotational 
movement or a combination thereof. These include center pivot machines, laterally movable 
machines, or machines with steerable corners of the type shown and described in U.S. Patent 
No. 5,695,129. The present invention provides an irrigation assembly having a main pipeline 
supported on mobile towers. A plurality of collectors are in fluid communication with the 



release onto designated targets. The main pipeline carries the collectors along a path, each 
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collected from the main pipeline onto selected targets along their respective paths. 
[0005] The collectors may be mounted anywhere along the irrigation assembly 

although it is preferred that the collector be mounted to drop tube assemblies. The collector 
releases the water therein at controlled locations along the collector path. At each point of 
release, or target, there is preferably a dish or water receiving receptacle which is impregnated 
into the soil. The portion of the dish beneath the soil has a plurality of holes or perforations to 
allow water seepage from the dish into the surrounding soil. During travel of the irrigation 
assembly, mechanical interaction between the dish and collector causes the water within the 
collector to be released into the dish. 
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[0006] Release of the water from the collector to the target can occur in several 

ways. One way is to place a water outlet opening and a valve in a bottom portion of the 
collector. The valve is normally held in a closed position. Opening of the valve is triggered 
by a valve actuator attached to the dish. Opening is triggered only when the collector is 
aligned with the dish and thus the water within the collector is emptied into the dish. Contin- 
ued movement of the irrigation assembly will disengage the valve actuator from the valve, 
allowing the valve to return to a closed position. Another way to cause emptying of the 
collector's contents is for the collector to be pivotally mounted to the irrigation machine at a 
spindle. Both the collector and the dish are located at predetermined elevation levels such that 
the engagement between the collector and the dish during travel of the main pipeline causes 
pivoting of the collector in the direction of the dish. Upon pivoting of the collector, the water 
therein will pour into the dish and then percolate into the soil through the holes in the dish. 
[0007] The irrigation machine may also incorporate moisture probes mounted at 

intervals along the main pipeline for selectively measuring the moisture level of the ground. 
The moisture probes may be mounted anywhere along the irrigation assembly to allow for 
selective moisture measurement using a downwardly extending probe. The moisture probe 
may be movable, for example by a motor drive, which allows for downward extension and 
upward retraction of the probe for testing, but fixed probes are also possible. The moisture 
probes could be used to determine whether a collector should be emptied at a certain target or 
whether emptying should be delayed until a subsequent testing indicates dry soil conditions. If 
emptying is to be delayed, the moisture probe might also signal a valve to shut off flow into 
the collector. A valve suitable for such a purpose is shown and described in co-pending 



application Serial No. 09/727,181, filed November 30, 2000, the disclosure of which is 
incorporated herein by reference. 



plurality of dishes or troughs receive water from the drop tube assembly. The troughs can be 
positioned in continuous or spaced orientation and are positioned at least partially within a path 
of the drop tube assembly so that as the drop tube assembly moves along its path, water is 
discharged into troughs. A plurality of underground drains are associated within the trough to 
cause water infiltration directly beneath the ground. The trough may be a pipe with a slot 
opening at its top. A flexible hose may also be incorporated where one end or inlet is in fluid 
communication with the drop tube assembly and the other end or outlet extends within the slot 
of the pipe. 



[0008] 



The present invention may be utilized without a collector where a 



Brief Description of the Drawings 



[0009] 



Fig. 1 is a diagrammatic plan view of a center pivot irrigation machine 



equipped with the underground irrigation assembly of the present invention. 



[0010] 



Fig. 2 is a diagrammatic plan view of a laterally movable irrigation 



machine of the present invention. 



[0011] 



Fig. 3 is an elevation view of the underground irrigation assembly of the 



present invention, looking longitudinally of the main pipeline. 



[0012] 



Fig. 4 is an elevation view looking from the right side of Fig. 3. 



[0013] 



Fig. 5 is a detail view of a collector valve being actuated by a dish. 



[0014] Fig. 6 is an elevation view, similar to Fig. 3, of an alternate embodiment 

of the present invention. 

[0015] Fig. 7 is an elevation view looking from the right side of Fig. 6. 

[0016] Fig. 8 is an elevation view of a pivoting collector of Fig. 6. 

[0017] Fig. 9 is perspective view of a dish. 

[0018] Fig. 10 is an elevation view of the underground irrigation assembly with 

a moisture probe assembly. 

[0019] Fig. 11 is an elevation view looking from the right side of Fig. 10. 

[0020] Fig. 12 is an elevation view of a portion of an alternate embodiment of 



|f the underground irrigation assembly, looking perpendicularly to the main pipeline at a drop 
¥i\ tube and trough. 
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yl [0021] Fig. 13 is an elevation view of the embodiment of Fig. 12, looking from 

Us 

" the right side of Fig. 12. 
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;« [0022] Fig. 14 is a view similar to Fig. 12, showing a further alternate arrange- 

hi 

CJ ment of a drop tube and trough. 

[0023] Fig. 15 is an elevation view of a target, looking perpendicular to the main 

pipeline. 

[0024] Fig. 16 is an elevation view of an alternate target, looking perpendicular 

to the main pipeline. 
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Detailed Description of the Invention 
[0025] The irrigation machine 10 of the present invention includes a main 

pipeline 12. The pipeline comprises a plurality of individual pipe sections which are joined 
together at flexible joints. Each section is supported at intervals by mobile towers 14. Each of 
the mobile towers 14 has a drive motor 16 for propelling the tower across a field. Movement 
of the irrigation machine may be linear or rotational or any combination thereof; the present 
invention could be used on any of these types of machines. In a center pivot point irrigation 
machine, shown generally in Fig. 1, one end of the main pipeline remains fixed at a central 
pivot point while the outer end rotates about that central pivot point. In a laterally moveable 

O 

irrigation system, shown generally in Fig. 2, both ends of the main pipeline section move in a 
lateral direction in relation to the longitudinal axis of the machine. Water supplies are 

ij! connected to either type of machine in the conventional manner. 

in 

it : 

E! [0026] The irrigation machine 10 also has a plurality of drop tube assemblies 

i a \ 

i; indicated generally at 17. The drop tube assemblies are connected to the main pipeline at spaced 

UJ 

intervals. As shown in Fig. 3, each drop tube assembly 17 includes a drop tube 18, a pressure 

K- 

regulator 20, and a nozzle 22 although other combinations for the drop tube assemblies are 
possible and will be apparent to those skilled in the art. Each drop tube 18 may have a conven- 
tional goose neck portion that extends out of the top of the main pipe section 12 and curves 
downwardly to a straight portion of the tube. The distal end of the drop tube 1 8 has a pressure 
regulator 20 attached to it. The pressure regulator 20 controls the water pressure presented to the 
nozzle in order to allow a consistent, known rate of distribution of water through each nozzle. 
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The nozzle 22 is attached downstream of the regulator 20 and directs water downwardly toward 
the ground, indicated at 24. 

[0027] A collector 26 is suitably connected to the drop tube assembly 17. The 

collector 26 has walls defining a water inlet at top end 28, a water outlet at bottom end 30, a 
cavity 32 and a valve 34. The top end 28 is generally closed and in fluid communication with 
the drop tube assembly although it is possible to construct a collector with the top end left 
open. The bottom end is normally held in a closed position by the valve 34. The top end 28 is 
preferably mounted to the drop tube assembly 17 at a collector elevation 36 (Fig. 4). The 
nozzle 22 is positioned relative to the collector 26 such that all water flows from the nozzle 
into the collector. Depending on the nozzle type this may require the nozzle to be disposed 
within the collector's cavity. Or it may be possible to position the nozzle outside the collector 
with all flow directed into the collector's inlet opening. Placing the nozzle inside the collector 
has the advantage of minimizing evaporation due to exposure of water droplets to the air. 
[0028] The valve 34 is located in the bottom end 30 and is normally closed so 

that the collector can receive and store water therein. During operation of the irrigation 
machine 10 movement of the pipeline will occur in the direction indicated by the arrow (Fig. 
3) causing corresponding movement of the collector. It will be realized that each collector will 
traverse its own collector path 35 (Figs. 1 and 2) as it moves with the pipeline. The collector 
26 is preferably made of polyethylene or any other like materials. The collector construction is 
preferably a cylindrical pipe or sleeve having a four-inch inner diameter, although other sizes 
and shapes are possible so long as they permit release of the collector's contents in a relatively 
short time. 



[0029] The connection between the collector and the drop tube assembly 

preferably forms a relatively fluid-tight seal which minimizes evaporation losses. It is also 
possible for the collector to be mounted directly to the main pipeline although it is preferred 
that the collector be attached to one of the drop tube, the pressure regulator or the nozzle. The 
attachment of the collector to the drop tube assembly or pipeline may also include one or more 
adaptor members, pivots, sleeves, fittings or the like in order to position the collector 
accordingly. Also, it may be advantageous to locate all or a portion of one or both of the 
pressure regulator and nozzle within the cavity of the collector. 

[0030] The valve 34 shown in Figs. 3-5 has a normally closed pivotable member 

generally external to the collector. The external member can be displaced from its normally 
closed position by mechanical engagement with a valve actuator on a ground-mounted dish as 
will be described below. Variations of the valve and valve actuator are also possible. One 
alternate type of valve that can be used is a flapper type valve similar to those used in water 
closets. The flapper valve is mounted inside the collector and normally closes an opening in 
the bottom of the collector. It would be triggered by a valve actuator, either mechanical or 
electrical, located either on a dish or elsewhere. The flapper valve also may be triggered by a 
lever arm or the like connected to the valve. Upon triggering of the valve, the flapper valve 
would open allowing a large volume of water to flow out of the collector in less than a minute. 
Opening of the valve causes a hinged flapper to be moved upwards into the column of water 
within the collector such that the flapper floats or is suspended within the water. Actuation of 
the valve keeps the flapper suspended within the column of water until the water is expelled. 
Once the water is discharged the flapper falls back into place thus closing the valve. The 
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flapper has a shape which is molded to fit into the valve opening at the collector bottom end 
and thus may have any shape as needed based on the chosen shape of the opening. Other types 
of valves are possible and will be apparent to one skilled in the art. These might include 
solenoid actuated valves or other electrically-controlled valves. 

[0031] As shown in Figs. 1 and 2 there are a plurality of stationary targets or 

dishes 38 placed on the ground at spaced locations along each of the collector paths 35. The 
dishes preferably extend partially under the surface of the ground 24. Figs. 3-5 illustrate 
details of a dish. The dish 38 has an open upper end 40, sides 41 and a drain 42. The drain 
penetrates beneath the soil surface as shown. The dish upper end 40 mounts a valve actuator 
44 which engages pins 45 on the valve 34 of a collector positioned over the dish. The actuator 
moves the valve into an opened position during passage of a collector 26 over a dish. Within 
the ground, the drain 42 of the dish may have a plurality of holes or perforations 46. The dish 
may have numerous holes located therein either on the sides, the drain, a bottom of the dish, or 
any combination of the foregoing, but the location, size and position of the holes will depend 
on soil characteristics and other factors. For instance, where the soil conditions are very 
porous or the roots of the crop very shallow, the dish may have a plurality of holes located in 
the sides only. 

[0032] Looking briefly at Figs. 15 and 16, alternate embodiments of the targets 

are shown. As seen here the target also may be a hole, channel or trench instead of the dish. 
In fact, the term "target" therefore is understood to mean both dish and non-dish forms of the 
invention. The hole is dug within the ground in the collector path 35. A mesh or web 108 
may be placed within the hole as a liner to minimize soil erosion or keep the hole from caving 



in with soil. The holes also could be filled with aggregate 110 such as biodegradable particles, 
spherical balls, or waste products which minimize soil erosion and water evaporation. If 
required by the soil characteristics, both the mesh and the aggregate may be used together. If 
the target is in the form of a channel, it may be dug along continuous or selected portions of 
the collector path 35 which are shown in Figs. 1 and 2. Although Figs. 15 and 16 are views 
perpendicular to the main pipeline, the direction of the channel could be altered so long as at 
least a portion of the channel is dug within the collector path 35. This alteration will be 
described in more detail below in connection with a further alternate embodiment. 
[0033] Returning to Figs. 3 - 5, the valve actuator 44 may be of a mechanical 

type which physically unseats the valve 34. Or the valve actuator could be of an electrical type 
which triggers a circuit resulting in an opening of the valve. Upon actuation of the valve 34 by 
the valve actuator 44, water contained within the collector cavity 32 will flow into the dish 38. 
Thereafter, the water within the dish 38 will flow through the holes 46 and percolate into the 
ground 24. The value actuator 44 may be of an electrical type in the form of a metal wire or 
wires which trigger opening of the valve. Or metal wires could be located on the collector 26 
and trigger opening of the valve when the wires are actuated by contact with the target or dish. 
The valve actuator could further have a local logic device or smart chip which is located on or 
near the target or dish, or alternatively, the logic device could be located somewhere on the 
movable irrigation assembly or incorporated into the valve. The logic device would tell the 
valve to open for release of water or to remain closed so as to prevent the release of water and 
it further may record the soil moisture data up to several irrigation cycles and/or monitor the 
cycles when the irrigation machine did or did not release water over the target. The device 
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may be a computer chip, microchip or other intelligent device which triggers the valve 
actuation. 

[0034] Actuation between the target and the collector may also occur through 

non-physical contact. For instance, a signal may be emitted from a transmitter located on the 
irrigation machine and then the signal is reflected back by the target to a receptor located on 
the irrigation machine. Radio waves, sound waves, magnetic fields or other means could be 
used to actuate the valve. The transmitter may be emit intermittent signals at a certain 
frequency and then listen for return signals from a reflector at the same frequency. In one 
example using electromagnetic principles, the transmitter could be made of looped wire which 
induces a magnetic field. The transmitter would radiate energy in the direction of a circuit at 
same frequency of the circuit. The circuit would be attached on or near the target and would 
be capable of absorbing energy at the emitted frequency and reflecting it back at the same 
frequency. The circuit may have a resistor, capacitor and inductor but no voltage or current 
source. The radiating energy would be absorbed by the circuit thus charging the circuit. 
When the transmitter stopped radiating energy, the circuit would re-radiate the energy back to 
the receptor at the same frequency thus forming a sympathetic resonant response. When the 
maximum amplitude of the sympathetic resonant response was detected, the collector would lie 
over the target and the valve could be triggered to open. A logic device could be incorporated 
to determine the maximum amplitudes of the sympathetic resonant responses. 
[0035] The dish 38 may have any dimension but it is preferred that the dish holds 

approximately 3 gallons of water. The dish may be made of any material or perhaps be made 
of biodegradable plastic, waste product or livestock byproduct. The dish may also have any 
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shape such as, but not limited to cylindrical, rectangular, or funnel shape. The upper end of 
the dish may form an elongated trough that will receive water from the collector over an 
extended portion of the collector path. An average dish depth below the ground surface is 
approximately 6 inches. Alternate dish depths are possible and will be determined based on 
certain factors such as soil characteristics, root zones and the type of plants. A plurality of 
dishes are possible so long as the dishes are positioned within the collector paths. Where 
numerous dishes are contemplated, it is possible that the dishes may be automatically installed 
using a drilling method which prevents impaction of the soil and which improves soil porosity. 
The method would utilize a machine which drills holes at selected points along the collector 
path and then inserts the dishes therein. Where removal of the dishes is required, a dish 
removal method may be used to extract and collect the dishes. In the case of the dish being 
made of biodegradable materials, the dish will have a certain useful life span but not have to be 
removed because it will disintegrate over time. 

[0036] During operation of the irrigation machine 10, water is supplied to the 

main pipeline 12 from a well, reservoir or other water source and flows to the plurality of drop 
tubes 18. Water flows to the nozzle 22, controlled by the pressure regulator 20, and out the 
nozzle into the collector 26 where it is retained until the collector arrives over a dish. Release 
of water stored within the collector is accomplished by opening the valve 34 which is triggered 
when the valve actuator 44 of a dish 38 engages the valve 34 on the collector bottom end 30. 
Emptying of the collector's fluid contents occurs quickly when the collector is positioned over 
the dish. Because the collector will continue moving according to the speed of the irrigation 
machine it is preferable that the release of the collector's contents occur in less than about a 
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minute. Obviously the dish will be sized to accommodate some pipeline movement during 
emptying of the collector. Continued movement of the collector causes the valve 34 and valve 
actuator 44 to disengage and the valve to reseat itself on the collector bottom end 30. Once the 
valve returns to a substantially closed position, the collector begins to refill for the subsequent 
application. As shown in Figs. 1 and 2 the collector may release and refill numerous times 
during a single circuit of the irrigation assembly around or across a field. Any number of 
collectors may be located along the main pipe section 12 as needed to deliver the desired flow 
rate. Each collector's contents are distributed within the dishes located within the collector 
path 35. 

[0037] The present invention significantly reduces water loss due to evaporation. 

The connection between the nozzle and the collector is fluid-tight so as to prevent evaporation 
loss. The collector stores water outflow from the nozzle within its cavity and upon valve 
actuation empties the water therein. Evaporation loss at the dishes may also be minimized 
because the water therein will be in the process of infiltrating into the ground through the 
plurality of holes 46. 

[0038] In Figs. 6 - 9 an alternate irrigation assembly 48 is shown with like parts 

shown with like numbers. A collector 50 is shown having an open top end 52 and a closed 
bottom end 54. The collector top end 52 is pivotally mounted to the irrigation assembly along 
a spindle 56 which is connected to the assembly along arms 58 having both horizontal and 
vertical components. In its normal condition, the collector top end 52 is positioned directly 
below the nozzle 22 to receive water therefrom at a collector elevation 62 (Fig. 7) which is 
located at a predetermined height above the ground 24. A dish 66 may have any dimension or 
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shape and is also preferably located partially within the ground 24. The dish upper end 68 is 
located at an elevation 70 (Fig. 6) which overlaps the collector bottom end 54. Other 
elevations of the dish upper end 68 are also possible so long as it is located below the spindle 
56. There are a plurality of holes 72 within the dish and guide pieces 74 and 76 are fixed to 
the dish upper end 68. Guide pieces 74 are generally parallel to the dish upper end 68 and 
guide pieces 76 are positioned at an obtuse angle from guide pieces 74 to aid in positioning the 
collector 50 during pivoting thereof. 

[0039] During operation of the assembly shown in Figs. 6 - 9 movement of the 

irrigation assembly will cause corresponding movement of the collector allowing the collector 
to follow the collector path. At stationary points along the collector path, the collector 50 will 
encounter a dish 66 along a leading side edge 78 of the collector. Continued movement of the 
assembly will cause pivotal movement of the collector due to force applied by the dish upper 
end 68 to the collector side edge 78. Continued pivotal movement allows the accumulated 
water within the collector to pour into the dish 66. It is possible that an upper portion of the 
collector side edge 78 may be cut away to facilitate the emptying of accumulated water therein. 
Guide pieces 74 and 76 accurately position the collector 50 before and during the receipt of 
water by the dish 66. Continued movement of the pipeline 12 disengages the collector from 
the dish causing the collector to return to its original upright orientation. 
[0040] In the further alternate embodiment of Figs. 10 and 1 1, a moisture probe 

assembly 80 may be mounted to the irrigation assembly 10. The moisture probe assembly 80 
has a downwardly extending moisture probe 82 to provide testing of the moisture level of the 
ground when the irrigation machine is in use. Although the moisture probe assembly 80 is 
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shown as being mounted adjacent to the collector 26 other positions are also possible. The 
moisture probe assembly 80 may be mounted to any portion of the irrigation assembly for 
selectively testing the ground moisture level during operation, including but not limited to, 
being mounted to one of the drop tube, the pressure regulator, or the nozzle. The moisture 
probe may be mounted for stationary use or, alternatively, may be movably mounted. Where 
the moisture probe is movable, it may extend downwardly for contact with the ground by 
means of a motor drive which also allows upward retraction after the moisture measurement 
has been completed. The moisture probe is preferably positioned at various points along the 
irrigation assembly to allow for selective testing of the ground moisture level during operation 
of the irrigation assembly. It is possible that the moisture probe could be utilized to test the 
moisture or water level within the dish. 

[0041] In the case of the stationary moisture probe, it could be mounted to the 

irrigation assembly either on the target or the dish 38. The probe may contain a computer 
chip, microchip or smart chip which stores the recent history of soil moisture for the last 
several irrigation cycles. If necessary, the chip may have a power source such as a battery. 
The information that is stored within the chip could be relayed to the irrigation machine as the 
machine passes over the target either by electrical contact or by non-physical contact, similar 
to the ways already described herein. When the moisture probe is located on the target, it may 
operate as the valve actuator. A central computing or logic device can be incorporated within 
the irrigation machine which helps process the information obtained from one or more 
moisture probes. 
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[0042] It can be seen that the present invention provides an apparatus that 

delivers irrigation water under the surface of the soil, rather than spraying it through the air 
and onto the surface of the soil or onto the plants themselves. This delivers more of the water 
to the roots of the plants where it does the most good and minimizes opportunities for losses to 
evaporation. The collectors allow for a constant flow of water out of the main pipeline using 
existing spray nozzles. This allows known flow rate calibrations to be used. But instead of 
immediate dispersal of the water, it is retained until the collector is aligned with a ground- 
penetrating dish. Then the stored water is released at a relatively high rate so a large amount 
of water can be deposited in the dish. The water then percolates into the ground through 
perforations formed in the underground portion of the dish. 

[0043] Figs. 12 and 13 show an alternate irrigation assembly 84 which has a 

plurality of drop tube assemblies but no collectors thereon. The drop tube assemblies, one 
which is shown at 17, each define a path similar to the collector paths shown in Figs. 1 and 2. 
But the assembly 84 provides for the continuous discharge of water instead of the water being 
retained by a collector. A plurality of troughs positioned on the ground receive the water from 
the drop tube assemblies. The troughs are each positioned in the path of one of the drop tube 
assemblies and generally follow the path direction. An individual trough may be a pipe with 
an opening or slot 88 in a top portion thereof which receives the water from its associated drop 
tube assembly. 

[0044] Underground drains 92 are located at spaced intervals along the trough 

86. Each trough may have one or more drains. Where more than one drain is associated with 
a trough, the trough preferably is shaped and positioned within the drop tube path following 
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the direction thereof. As previously described, the trough also may be formed within the 
ground itself by digging a hole, channel or trench for receiving the water. A mesh or web may 
be placed over or in the hole or channel so as to protect it from erosion or from becoming 
filled with soil, and as an alternate or additional measure, aggregate may be placed therein. 
The trough may be continuous or there may be numerous troughs placed or formed in a 
continuous or intermittent design. An intermittent design would have spacing between the 
troughs so that water effluent would be deposited onto the troughs as well as onto the bare soil 
or crops between the troughs. Or it is also possible that a trough has a main portion that is 
located within the drop tube path and tributary portions that are located in a direction trans- 
verse to the drop tube assembly path. The tributaries would have their own drains in order to 
optimize the infiltration of water to root structures. Weirs or dams 93 may be suitably placed 
in the troughs to control water flow therein. For example, where a continuous trough of the 
pipe type shown in Figs. 12 and 13 is used, undulations in the terrain may cause water 
deposited in the trough to run rapidly toward a low point and largely flow past a drain at a 
higher elevation. A weir located on the low side of the higher drain's inlet may prevent 
underwatering at that drain. The dams 93 may be inserted into the trough or be formed as part 
of the trough. In Fig. 13, the dam 93 is shown as part of the trough with a rounded surface 
spanning the width of the trough, but other shapes and sizes of the dam are possible. The dam 
also may be a relatively thin planar surface or a block which is inserted into the trough at 
selected locations. Aggregate may be placed at selected locations along the trough either in 
addition to or instead of the dam. If aggregate is used, it may also minimize the tendency of 
water to run toward lower elevation points. Each underground drain has an inlet at a top end 
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94, sides 96 and a bottom end 98. At least one outlet is positioned underground either at the 
sides 96 or at the bottom end 98 or both. The outlet also may be a plurality of perforations or 
holes 100 located at either or both of the sides or bottom end. 

[0045] The purpose of the trough is to facilitate water filtration into the ground 

and minimize water loss due to evaporation. During use, movement of the irrigation assembly 
will cause the drop tube assemblies to move along their paths. If the irrigation machine is set 
for continuous water discharge, then the troughs receive water from the drop tube assembly 
whenever the drop tube passes over the trough. Where the troughs are laid continuously, the 
troughs will receive the water. Then the water will flow into the drains and percolate into the 
ground. Little water will be lost to evaporation. Due to certain factors, it may not be desired 
to place the troughs continuously. So, in the case of intermittent placement of the troughs, 
water from the drop tube assembly will flow into the troughs when the two are in alignment. 
After the drop tube assembly has passed over the trough but before it has reached the next 
trough, the water effluent from the drop tube assembly will be deposited on the ground or 
plants located between the placement of troughs. 

[0046] The irrigation assembly 84 may include a flexible hose 102 which is in 

fluid connection with the drop tube assembly 17. The hose has an inlet 104 which preferably 
is attached to one of the drop tube, regulator or nozzle. The hose preferably is made of any 
flexible type of material. The hose extends downwardly to a hose outlet 106 which is placed 
on the trough, in the trough or in the general vicinity thereof. The hose outlet 106 may be 
received by the slot 88 of the trough. The slots are located within the path of the drop tube 
assembly so that during normal operation of the irrigation machine the hose outlet is in 
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alignment with the slots. Even where the placement of troughs is intermittent, the alignment 
between the slots and the hose will allow for the hose outlet to move over or within the trough 
and discharge the water therein. Where a hose used, it is believe that evaporation loss will be 
reduced further because the water is discharged directly from the hose outlet into the trough. 
Where weirs are used, they may be configured to allow passage of the hose. 
[0047] Other trough shapes are possible. For instance, Fig. 14 shows an 

alternate irrigation assembly 85 which has no collector. It has an alternate trough 90 having a 
generally planar surface with upwardly extending sides which allows the trough to receive 
water therein. This trough can be used with a conventional drop tube assembly 17. The 
troughs may also be configured as holes or channels within the ground. Mesh and/or aggre- 
gate may be added to the troughs as needed. 

[0048] Whereas a preferred form of the invention has been shown and described, 

it will be realized that there may be modifications, alterations, and substitutions made thereto 
without departing from the scope of the following claims. For example, while the ground- 
penetrating target or dish is preferred for delivering water directly into the root zone, there 
may be some crops and/or soil conditions that do not require the target. In these instances 
intermittent release of water stored in the collectors onto the ground surface may be sufficient 
to adequately irrigate the crops. A valve actuator or mechanism for tipping the collector would 
still be required to empty the collectors but these would not necessarily have to be incorporated 
in the target. An electrical valve actuator could be used or an electrical trigger such as metal 
wires could be affixed to the ground in the collector path. Or there could be a mechanical 
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device need not receive the water from the collector. Also, while the above description 
contemplates use of a conventional pressure regulator and nozzle combination at the end of each 
drop tube, other arrangements could be used such as a regulator valve plus a nozzle. Any 
suitable volumetric metering device or flow control device could be substituted for the regulator 
and nozzle. 
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